In this study, the method for determining ten elements (including K, Na, Ca, Mg, Fe, Mn, Cu, Zn, Pb, and Cd) was designed. With this method, we evaluated 15 honey samples, including three kinds of honey collected from 11 different geographic sites in Henan province of China, with inductively coupled plasma atomic emission spectrometry (ICP-AES). The obtained detecting data were analysed with principal component analysis, correlation analysis, and cluster analysis techniques. The results showed that the recovery is in the range of 93.0−107.0 %, and the relative standard deviations (RSDs) were all below 5.89 %, which indicates that the current analytical method is dependable for the detection of metallic elements in honey. ; flow rate of cooling was 1.5 l min ; sample flow rate was 1.5 ml min −1 .
Introduction
Honey is produced by honey bees, 1 and contains carbohydrates, metallic elements, and vitamins. Honey could be used to treat burn wounds, stomach disorders and asthma in clinical application, and is a very popular health food because of its nutritional value. [2] [3] [4] The content of metallic elements in honey is relatively low (0.1-1 %). 5 The metallic elements in honey mainly include K, Na, Ca, Mg, Cu, Zn, Fe, and Mn, which plays a vital role in maintaining normal metabolic and organ functions, improving the activity of enzymes, and enhancing the immune function. [6] [7] [8] The metallic elements in honey come from the plants where the nectar is collected by bees. 9 As a result, the composition and content of metallic elements in honey are not only a sign of its inherent quality, but also a reflection of the environmental conditions of honey plants.
In recent years, the honey industry has been developing rapidly in Henan province, China. 10 In 2016, the total number of bee colonies, the practitioner and the related products in Henan province all ranked well in China. [10] [11] The annual production of honey was about a thousand tons, and the output value was almost 1 billion RMB, which accounted for one fifth of the honey industry of the entire country. The quality of honey is evaluated by its density, viscosity, sugar content, and other appearance features. 11 Therefore, the development of a detecting method for metallic elements in honey is important for the honey industry.
In this research, the content of metallic elements in 15 honey samples collected from 11 regions in Henan province of China were determined by inductively coupled plasma atomic emission spectrometry (ICP-AES). Principal component analysis and cluster analysis were performed in SPSS software to classify and evaluate the content of metallic elements in these honey samples. We hope the current investigation provides useful information to the further development of honey products. Moreover, the statistical results could give some implication for environmental protection.
Experimental

Materials and reagents
The honey samples were collected from 11 regions in Henan province from May to July 2016. Two to three apiaries were selected in each region. The honey samples include Tung flower honey, Pagoda tree flower honey, and Vitex flower honey, denoted as TFH, PFH, and VFH, respectively. The samples are shown in Table 1 .
All chemicals were of guaranteed reagent (GR) including nitric acid, hydrogen peroxide (30 %). The bush branch and leaf used in the research is the National biological standard substance. The standard solutions of K, Na, Ca, Mg, Fe, Mn, Cu, Zn, Pb, and Cd were bought from the PE Company (USA). The water used in the research was the quartz double distilled high pure water.
Apparatus
The closed intelligent microwave digestion instrument (XT-9912) was bought from Shanghai XTrust Instruments Co. Ltd. A Perkin Elmer Optima 2100 DV inductively coupled plasma atomic emission spectrometer (ICP-AES) was used for measurement. The experimental conditions during measurement were as follows: radio-frequency output was 1.2 kW; flow rate of nebulizer was 0.8 l min ; sample flow rate was 1.5 ml min −1 .
Sample preparation
One gram of each honey sample was dissolved in 8 ml concentrated nitric acid and 2 ml hydrogen peroxide in a sealed polytetrafluoroethylene digestion tank. The digestion was conducted as shown in Table 2 . After digestion, the system was cooled down to room temperature. The solution from the digestion tank was transferred to a beaker (100 ml), and then heated to remove the acid in the airing chamber. After cooling, the solution was put in a colorimetric tube (10 ml), and diluted with 2 % nitric acid. The blank reagents were prepared according to this procedure for ICP-AES. 
Data processing
The SPSS 22.0 were used for principal component analysis, correlation analysis, and cluster analysis.
3 Results and discussion
Effects of the wavelength of the spectral line for each mineral element and the regression analyses
The ICP-AES has the automatic background sync function for correction. It is important to choose the spectral line with low interference, high sensitivity and low background value for the determination of metallic elements in honey. The standard solution was measured using the ICP-AES, and the standard curves were obtained. Measurement was repeated in parallel 10 times. The detection limit was calculated by three times of the standard deviation. The wavelength (λ) of the spectral line, the standard curve, the correlation coefficient (r) and the detection limit (DL) are presented in Table 3 . It was obvious that the correlation coefficients of different metallic elements were between 0.9995-0.9999, and the detection limits were between 0.00003-0.01310 mg l −1 , which was suitable for the quantity analysis of the ten kinds of metallic elements. 
Accuracy and precision of the method
In order to assess the accuracy of the method, the standard reference was analysed. The results were compared with the certified ones and the relative error was calculated. The Vitex flower honey from Linzhou city was selected as the standard reference. An amount of 1.0000 g of the standard reference was mixed with the standard solution for measurement. This process was repeated six times to reduce the error, and the mean value was used for the recovery. The relative standard deviation (RSD) is shown in Table 4 . The recovery lied between 93.0 and 107.0 %, and the RSD were in the range of 0.28-5.89 % for all metallic elements. With good accuracy and precision, this method could be used for the determination of metallic elements in honey samples.
Determination of the standard reference material
In order to evaluate the reliability of the method, the bush branch and leaf that is the National biological standard substance was determined. The results were compared with the standard value (Table 5 ). It was obvious that the measurement results matched the standard values. 
Determination of metallic elements in honey samples
The content of ten kinds of metallic elements were analysed. The measurement was repeated five times, and the results were listed in Table 6 . In all these samples, the content of K was the highest, which was consistent with other contributions, 12-13 followed by Na, Ca, Mg, Fe, Cu, Zn, and Mn. The content of harmful heavy metals Pb and Cd were the lowest. The content of K in VFH and PFH was obviously higher than that in TFH. The content of Ca in VFH was distinctly higher than that in PFH and TFH. The content of Fe in TFH was clearly higher than that in VFH and PFH. However, the contents of Na, Mg, Mn, Cu, Zn, Pb, and Cd had little difference in the various kinds of honey samples. It was found that the range of K content (106.40−388.83 mg kg −1 ) in PFH, the Fe content (4.066−19.861 mg kg −1 ) in TFH, and the Zn content (1.070−3.45 mg kg −1 ) in VFH fluctuated. The results showed that the content of the heavy metals Pb and Cd in honey samples from Henan Province were lower than the national standard for food safety 14 and the limit standard of heavy metals of the United Nations Agriculture Organization and the World Health Organization (WHO). In conclusion, the contents of metallic elements were different in VFH, PFH, and TFH. Even the same kind of honey from different regions had different contents of metallic elements. As a result, it was necessary to study the characteristics of the metallic elements distribution in honey originating from different plants with the statistical method.
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Characterization of the honey samples
Principal component analysis of the metallic elements
The principal component (PC) analysis was conducted after determining contents of metallic elements, and the results are shown in Table 7 . The four PCs accounted for 70.92 %. The characteristic value of the first PC was 2.86, accounting for 28.63 % of the total variance. Among the first PC, Mg, K, and Pb accounted for the most, indicating that these three kinds of metallic elements contributed mostly to the first PC. The second PC accounted for 20.26 % of the total variance with a characteristic value of 2.03. The higher loadings of Ca, Na, Fe, and Mn indicated that these metallic elements had significant relevance to the second PC. The third PC accounted for 12.68 % with a characteristic value of 1.27. The loading of Zn in the third PC was very high. The share and characteristic value of the forth PC were both very low. A proportion of 48.89 % of the total variance came from the first two main components, thus it was believed that the characteristic metallic elements in the honey were Mg, K, Pb, Ca, Na, Fe, and Mn. A plot of PC1 against PC2 (Fig. 1) showed that K, Na, Ca, Mg, Zn, Pb, and Cd were closely correlated with PC1. However, Fe had negative correlation with PC1. Na and Ca were negatively correlated with PC2, and the other metallic elements were positively correlated with PC2. 
Cluster analysis of the metallic elements in honey
The cluster analysis is frequently used to screen data for clustering of samples. The average linkage clustering method and Pearson coefficient clustering method were used. As shown in Fig. 2 , the cluster analysis exposed the presence of three distinct groups: one comprising Pb, Cu, Na, Mg, K, Zn, Cd, and Mn; one comprising Ca; and another comprising Fe. The results of cluster analysis were consistent with that of principal component analysis and correlation analysis, indicating that the metallic elements in honey were closely related to the producing of honey and its environment. Fig. 3 . The cluster analysis of the different kinds of honey exposed the presence of three distinct groups: one comprising S15; one comprising S1, S2, S3; and another comprising S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14. It was found that the same kind of honey from different regions was not classified into one group. The S1 and S2 in the second group was TFH. The S8, S9, S10, S11, S12, S13, S14 in the third group was VFH, and the S4, S5, S6, S7 in the third group was PFH. The reason may be that the metallic elements in the honey were affected by the geographical and environmental characteristics, leading to different contents of metallic elements in same kind of honey from different areas. 
Conclusions
Ten metallic elements in three kinds of honey collected from 11 regions of Henan province were determined by inductively coupled plasma-atomic emission spectrometer (ICP-AES). The contents of metallic elements in honey derived from different plants and regions showed great differences. The content of K was the highest, followed by Na, Ca, Mg, Fe, Cu, Zn, and Mn. The contents of toxic metallic elements Pb and Cd were the least, lower than the national standard of food contaminants (GB2672-2012) and the limitation standards of toxic metals of the WHO.
The principal component analysis suggested that the first four principal components accounted for 70.92 %. Mg, K, Pb, Ca, Na, Fe, and Mn were the characteristic metallic elements in honey, providing theoretical foundation for the research of the health function of honey. The cluster analysis of the metallic elements showed that Pb, Cu, Na, Mg, K, Zn, Cd, Mn was the first cluster; Ca was the second cluster; and Fe was the third cluster. The results of cluster analysis were consistent with that of principal component analysis and correlation analysis. The cluster analysis of the types of honey showed that the same kind of honey from different regions was not classified into one group. The reason may be that the metallic elements in honey were affected by the geographical and environmental conditions of Henan province.
